**Core tip:** In this study, we identified that APEX2 is highly expressed in liver hepatocellular carcinoma (LIHC), and overexpression of APEX2 could act as a poor prognostic factor. The GO Ontology-based GSEA analysis suggested that APEX2 is an important regulator in the kinetochore and spindle microtubule. Besides, APEX2 is closely associated with the biological processes of chromosome segregation and DNA replication. The molecular mechanism analysis indicated that APEX2 is positively associated with cell cycle and MYC pathways. Knockdown of APEX2 can impede the viability of liver cancer cells, and inhibit CCNB1 and MYC pathways, suggesting that *APEX2* is an oncogene in LIHC.

INTRODUCTION
============

DNA damage is one of the major risk factors for cancerization\[[@B1]\]. Apyrimidinic endodeoxyribonuclease has been identified as an essential molecule that is involved in the regulation of DNA damage\[[@B2]\]. Apyrimidinic endodeoxyribonuclease contains two members, namely, APEX1 and APEX2\[[@B3]\]. Having been widely reported in the pathogenesis of many cancers, especially in liver cancer\[[@B4]-[@B8]\], APEX1 was recently identified as a new diagnostic and prognostic biomarker for liver hepatocellular carcinoma (LIHC)\[[@B6],[@B8]\]. However, the role of APEX2 in LIHC remains poorly understood.

LIHC is one of the most malignant tumors and the fifth leading cause of cancer-related death\[[@B9]\]. In recent years, many researchers have been focusing on the mechanism study of liver cancer and have developed several therapeutic drugs\[[@B10]-[@B12]\]. However, the prognosis of liver cancer patients is still unsatisfactory. The first choice of liver cancer therapy is hepatectomy, but it is only suitable for early-stage patients\[[@B13]\]. For advanced-stage liver cancer, surgery is still less effective. Another critical issue is the acquired drug resistance, with an incidence of about 20% according to clinical findings, with resistance to sorafenib being a typical example in liver cancer\[[@B14]-[@B16]\]. Thus, the identification of novel drug targets could be a practical strategy for liver cancer therapy.

In this study, we focused on the expression of APEX2 and its functional mechanisms in liver cancer. Through bioinformatic analysis, we found the overexpression of APEX2 in liver cancer, and showed the relationship between APEX2 expression and patients' outcome. GSEA-based enrichment analysis and *in vitro* analysis confirmed *APEX2* as an oncogene in liver cancer. The study of inhibitors against APEX2 could be practical in the treatment of liver cancer.

MATERIALS AND METHODS
=====================

Reagents
--------

Dulbecco\'s Modified Eagle Medium (DMEM, Cat. 11965084), Roswell Park Memorial Institute (RPMI) 1640 Medium (Cat. 12633012), Opti-MEM Reduced Serum Medium (Cat. 51985091), fetal bovine serum (FBS, Cat. A3161001C), and penicillin-streptomycin (5000 U/mL, Cat. 15070063) were purchased from Thermo Fisher Technology (Pennsylvania, United States). RNA isolation kit (Cat. R0016), 1^st^ strand cDNA synthesis kit (Cat. D7170M), SYBR Green qPCR Mix (Cat. D7265), agarose (Cat. ST004L), and dual-luciferase reporter activity detection kit (Cat. RG088S) were obtained from Beyotime (Shanghai, China).

Pan-cancer analysis
-------------------

We analyzed the APEX1 and APEX2 expression in the tumor and adjacent non-tumor tissues in the TCGA database with the TIMER web-interactive tool\[[@B17]\]. Only those cancers (BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; ESCA: Esophageal carcinoma; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney Chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma; UCEC: Uterine corpus endometrial carcinoma) containing enough samples of tumor and adjacent non-tumor tissues were included. The relative gene expression level is indicated as transcript per million (TPM), and the expression value was normalized by log transformation.

Validation analysis
-------------------

We analyzed GSE14520 (containing 220 adjacent non-tumor and 225 tumor tissues)\[[@B18]\], GSE22058 (containing 97 adjacent non-tumor and 100 tumor tissues)\[[@B19]\], and GSE64041 (containing 60 paired of adjacent non-tumor and tumor tissues)\[[@B20]\] datasets with GEO-2R tool. Then, we calculated the sample size by the distribution of valuable data. The Benjamini & Hochberg (False discovery rate, FDR) was applied to adjust the *P* value. The expression value was employed with log transformation.

Overall survival analysis
-------------------------

A total of 364 LIHC patients were included in the overall survival (OS) analysis, which was calculated from the date of the surgical resection to the 5-year follow-up event. The best cut-off was conducted in the Kaplan Meier plotter\[[@B21]\], and the patients were divided into high and low APEX2 transcription groups. The clinical features, such as the AJCC stage, hepatitis virus infection, were also included to evaluate the specific subgroup of patients.

GSEA analysis
-------------

GSEA analysis was carried out as previously reported\[[@B22]\] to evaluate whether a significant set of genes are associated with the APEX2 difference in LIHC. The GO Ontology was selected as the gene sets database to confirm the cellular component and biological process. And the molecular function analysis was achieved by the KEGG v6.2 symbols. The symbol of oncogenic signatures was selected to confirm the potential mechanisms of APEX2 in the LIHC. We set the number of permutations as 1000, weighted the enrichment statistic, and showed the metric for ranking genes as Signal2Noise. The sets below 15 were excluded in the process of analysis.

Cell culture and transfection
-----------------------------

The normal liver cell line LO2 and liver cancer cell lines SMMC7721 and HCCLM3 were obtained from the Cell Bank of Chinese Academy of Science. The liver cancer cell lines HepG2 and Huh7 were acquired from American Type Culture Collection (ATCC). LO2 cells were cultured in RMPI-1640, and HepG2, SMMC7721, Huh7, and HCCLM3 cells were cultured in DMEM, supplemented with 10% FBS and 100 U/mL penicillin and streptomycin. Small interfering RNA (siRNA) transfection was conducted with Lipofectamine 2000 according to the manufacturer\'s instructions.

Quantitative reverse transcription PCR
--------------------------------------

Total RNA was extracted using an RNA isolation kit, and the 1^st^ strand cDNA was synthesized using a commercial kit according to the manufacturer's protocol. Quantitative PCR was conducted using the SYBR Green kit. The specific primers were synthesized by Sangon Technology (Shanghai, China), with the sequences as follows: *APEX2* (forward: 5'-CTGG AACA TCAA TGGG ATTC GG-3'; reverse: 5'-CCAG CTCG TCCA AAAT GCG-3'); *GAPDH* (forward: 5'-GGAG CGAG ATCC CTCC AAA AT-3'; reverse: 5'-GGCT GTTG TCAT ACTT CTCA TGG-3'). The amplicon sizes of *APEX2* and *GAPDH* are 101 bp and 197 bp, respectively.

Dual-luciferase reporter assay
------------------------------

HCCLM3 cells were transfected with siRNA against *APEX2* and scramble control. After transfection for 24 h, the cells were transfected with the pGL.3-Luc-CCNB1 or pGL.3-Luc-MYC reporter and pCMV-Rellina plasmids, respectively. After further culture for 48 h, the cells were collected and subjected to dual-luciferase reporter activity analysis using a commercial kit according to the manufacturer's instructions.

Statistical analysis
--------------------

The data analyses were conducted using Graphpad Prism version 8.0 (GraphPad Software Inc., La Jolla, CA, USA). The data are shown as the mean ± standard deviation (mean ± SD). The student *t*-test was applied to compare the statistical difference between groups. Correlation analysis was performed using the Pearson method. The Kaplan Meier method was used to analyze the overall survival, and the log-rank *P* method was applied to show the statistical difference. *P* \< 0.05 was considered statistically significant.

RESULTS
=======

APEX2, similar to APEX1, is highly expressed in liver cancer
------------------------------------------------------------

Recently, APEX1 was identified as a new diagnostic and prognostic biomarker for LIHC, since APEX1 is overexpressed in the liver tumor. As another member of apyrimidinic endodeoxyribonuclease, we hypothesized that APEX2 also plays an important role in LIHC. The pan-cancer analysis showed that APEX1 and APEX2 were both overexpressed in BLCA, BRCA, CHOL, COAD, HNSC, LIHC, LUAD, LUSC, PRAD, READ, and STAD (Figure [1](#F1){ref-type="fig"}). APEX1 expression was decreased in KICH but increased in KIRC (Figure [1A](#F1){ref-type="fig"}), suggesting that APEX1 might also have a specific regulation pattern in different histological states. Unlike the specific APEX1 expression pattern in the kidney, APEX2 was only overexpressed in KIRP (Figure [1B](#F1){ref-type="fig"}). Based on the previous literature on the role of APEX1 in LIHC, and that APEX1 was identified as a poor prognostic factor, we evaluated the role of APEX2 in LIHC in this study.

![APEX1 and APEX2 expression analysis in pan-cancer. A: The pan-cancer with adjacent non-tumor and tumor tissues were subjected to the TIMER tool, and the APEX1 and B: APEX2 expression were compared with tumor tissues of each cancer type. ^a^*P* \< 0.05, ^b^*P* \< 0.01, ^c^*P* \< 0.001 *vs* tumor tissues of each cancer type. TPM: Transcript per million; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; ESCA: Esophageal carcinoma; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma; UCEC: Uterine corpus endometrial carcinoma.](WJCC-8-2917-g001){#F1}

Validation of APEX2 overexpression in liver cancer
--------------------------------------------------

TCGA-LIHC analysis showed the overexpression of APEX2 in LIHC tumor tissues. Next, several GEO datasets (including GSE14520, GSE22059, and GSE64041) containing a total of 377 adjacent non-tumor tissues and 385 tumor tissues, were used to validate the overexpression of APEX2 in LIHC. As expected, the APEX2 expression level was higher in the liver tumor tissues than in the adjacent non-tumor tissues (Figure [2](#F2){ref-type="fig"}). As shown in Figure [2C](#F2){ref-type="fig"}, the GSE64041 containing 60 paired adjacent non-tumor and tumor tissues, was included to present the APEX2 expression value as a heatmap (Figure [2C](#F2){ref-type="fig"}). It was clear that APEX2 was overexpressed in LIHC.

![APEX2 over-expression in liver cancer was validated in The Gene Expression Omnibus series. A: GSE14520 and B: GSE22058 containing adjacent non-tumor and tumor tissues were subjected to detect the APEX2 mRNA level; C: The 60 paired adjacent non-tumor and tumor tissues of GSE64041 were included to show the expression intensity in the heatmap. ^c^*P* \< 0.001 *vs* adjacent non-tumor tissues. HCC: Hepatocellular carcinoma.](WJCC-8-2917-g002){#F2}

Higher APEX2 predicts a worse prognosis in liver cancer
-------------------------------------------------------

Similar to APEX1 in LIHC, APEX2 was also highly expressed in LIHC. Higher APEX1 expression was associated with a poorer prognosis in LIHC. Then we assessed the role of APEX2 in the prognosis prediction of LIHC. As shown in Figure [3A](#F3){ref-type="fig"}, the patients with high APEX2 level had a lower overall survival (OS) rate; the upper quartile survival of the low APEX2 group was 26.7 mo, which was two times more than that of the high APEX2 group (26.7 *vs* 11.6 mo). Furthermore, to fully determine the prognostic value of APEX2 in LIHC, we further included the tumor stage and viral hepatitis status in the OS analysis. A total of 154 LIHC patients with T1 stage (according to AJCC stage guideline) were subjected to OS analysis in the 5-year follow up. The results showed that the low APEX2 group had a higher OS rate of up to 80% in the 5-year follow up. However, the OS rate of the high APEX2 group was below 50% (Figure [3B](#F3){ref-type="fig"}). Also, OS rate was compared by APEX2 expression level in both the patients with hepatitis virus infection and those without. As shown in Figure [3C](#F3){ref-type="fig"} and D, the patients with high APEX2 expression showed a lower OS rate in patients with or without hepatitis virus infection. Collectively, these data suggested that APEX2 is also a poor prognostic marker in LIHC, even in the early-stage patients.

![The higher APEX2 level shows a lower overall survival rate. A: The total liver hepatocellular carcinoma patients, B: Patients with AJCC-T1 stage, C: Patients with positive hepatitis virus, D: Patients with negative hepatitis virus were divided into two groups (high or low-level group). The best cut-off was achieved by the interactive tool of Kaplan Meier plotter, and the overall survival rate was analyzed in 5-year following up. HR: Hazard ratio; OS: Overall survival; AJCC: The American Joint Committee on Cancer.](WJCC-8-2917-g003){#F3}

APEX2 is closely associated with proliferation regulation in liver cancer
-------------------------------------------------------------------------

APEX2 is highly expressed in LIHC, and the overexpression of APEX2 is associated with a poor prognosis. Based on these data, we hypothesized that APEX2 is a critical molecule in the occurrence and development of LIHC. GSEA analysis based on the TCGA-LIHC tumor samples was performed in this study. As shown in Figure [4A](#F4){ref-type="fig"}, 195 LIHC patients were included in a high APEX2 group, and 205 patients were included in a low APEX2 group. The positive and negative correlated genes were represented. Furthermore, the results of cellular component module of GO Ontology suggested that APEX2 was closely associated with the kinetochore and spindle microtubule (Figure [4B](#F4){ref-type="fig"}), two main cellular components involved in cell proliferation\[[@B23]\]. The significant enrichment score suggested that APEX2 may be involved in the positive regulation of liver cancer cell proliferation. Further biological process module analysis showed that APEX2 was closely associated with chromosome segregation and DNA replication (Figure [4C](#F4){ref-type="fig"}), which are necessary for cell proliferation. This data was consistent with the cellular component module analysis. The significant enrichment analysis of APEX2 in the feedback regulation of cell proliferation, and the over-expression of APEX2, the lower OS rate, all showed that *APEX2* might be an oncogene in LIHC.

![The GSEA analysis based on APEX2 expression. A: The TCGA liver hepatocellular carcinoma (LIHC) samples were subjected to GSEA analysis, and 195 cases of LIHC samples were set as APEX2 high group, 205 cases of LIHC samples were set as APEX2 low group; B: The cellular component analysis based on GSEA was conducted, and the two main cellular components were shown; C: The APEX2-associated biological process was achieved by GSEA analysis. NES: Normalized Enrichment Score; TCGA: The Cancer Genome Atlas; GSEA: Gene Set Enrichment Analysis.](WJCC-8-2917-g004){#F4}

APEX2 expression is positively associated with the cell cycle and MYC pathways
------------------------------------------------------------------------------

The GO enrichment analysis suggested the positive feedback regulation of APEX2 in DNA-related proliferation, and the detailed molecular mechanisms were further evaluated. As shown in Figure [5A](#F5){ref-type="fig"} and [B](#F5){ref-type="fig"}, the cell cycle and MYC pathways were enriched with the APEX2 in LIHC. Furthermore, the correlation analysis showed that APEX2 was significantly positively correlated with CCNB1 and MYC (Figure [5C](#F5){ref-type="fig"} and [D](#F5){ref-type="fig"}). The MYC upregulation is known as a pro-oncogene factor, which is widely activated in many cancers\[[@B24]\]. The regulation of the cell cycle is mainly dependent on the checkpoints. As an essential G2/M checkpoint, CCNB1 was also identified as a pro-oncogenic factor, whose activation could accelerate the transition from G2 to M phase\[[@B25]\]. The remarkable correlation between APEX2 and upregulated MYC and pro-oncogenic cell cycle checkpoint suggested that *APEX2* might be an oncogene in the LIHC.

![The positive correlation between APEX2 and cell cycle and MYC pathways. A: The KEGG analysis based on GSEA was conducted in TCGA liver hepatocellular carcinoma samples; B: The specific oncogenic analysis was performed by GSEA software; C: The correlation analysis between APEX2 expression and the CCNB1, D: MYC were conducted in GEPIA web-interactive tool. KEGG: Kyoto Encyclopedia of Genes and Genomes; NES: Normalized Enrichment Score; TCGA: The Cancer Genome Atlas; GSEA: Gene Set Enrichment Analysis; TPM: Transcript per million.](WJCC-8-2917-g005){#F5}

Knockdown of APEX2 can inhibit the viability of liver cancer cells
------------------------------------------------------------------

APEX2 overexpression is closely associated with the patients' worse outcome, and the mechanism prediction demonstrated that *APEX2* is an oncogene in LIHC. Next, we further evaluated the role of APEX2 *in vitro*. As shown in Figure [6A](#F6){ref-type="fig"} , the APEX2 expression was highly increased in several liver cancer cell lines, including HepG2, Huh7, SMMC7721 and HCCLM3. However, APEX2 expression in LO2, a normal liver cell line, was significantly lower than that in liver cancer cell lines. Interestingly, HCCLM3 cells showed the highest expression of APEX2. In terms of the phenotype of these cell lines, HCCLM3 is the most malignant\[[@B26]\], suggesting that APEX2 expression was closely associated with the malignancy of liver tumor.

![APEX2 is highly expressed in liver cancer cells, and knockdown of APEX2 could inhibit the cell viability. A: Normal LO2 liver cells and HepG2, Huh7, SMMC7721 and HCCLM3 liver cancer cell lines were subjected to detect the APEX2 expression by qPCR; B: The two siRNA sequence against APEX2 was transfected in HCCLM3 cells, and qPCR was applied to confirm the efficiency of knockdown; C: The quantitative analysis of the DNA electrophoresis was conducted by Quantity One software; D: The HCCLM3 cells were transfected with siRNA against APEX2 and scramble control. The cell viability was assessed by CCK-8 at different culture times; E: The HCCLM3 cells were knocked down with siRNA against APEX2 and scramble control, and then treated with different concentration of DOX for 24h. CCK-8 assay was applied to examine the cell viability. siRNA: Small interfering RNA; siCon: Scramble control sequence; DOX: Doxorubicin.](WJCC-8-2917-g006){#F6}

Moreover, we examined the effect of APEX2 on the viability of liver cells. First, two siRNA sequences against APEX2 were transfected into HCCLM3 cells, a cell line highly expressing APEX2. The results showed that the second siRNA sequence could remarkably inhibit the APEX2 expression (Figure [6B](#F6){ref-type="fig"} and [C](#F6){ref-type="fig"}). And this confirmed siRNA sequence was subjected to the subsequent analysis. Second, the knockdown of APEX2 in HCCLM3 cells resulted in distinctly impaired cell viability (Figure [6D](#F6){ref-type="fig"}). Third, after the knockdown of APEX2, the HCCLM3 cells become more sensitive to doxorubicin (DOX) (Figure [6E](#F6){ref-type="fig"}), which is a common drug in liver chemotherapy. Taken together, these results showed that *APEX2* as an oncogene could affect the proliferation of liver cells.

Knockdown of APEX2 inhibits the CCNB1 and MYC pathways
------------------------------------------------------

The GSEA analysis showed that APEX2 is closely associated with cell cycle checkpoints and pro-oncogenic MYC. Knockdown of APEX2 can inhibit the viability of liver cancer cells. Thus, we hypothesized that APEX2 might inhibit cell proliferation through CCNB1 and MYC-mediated pathways. First, we examined the mRNA levels of *CCNB1* and *MYC* in HCCLM3 cells transfected with APEX2 siRNA or scramble control. As shown in Figure [7A](#F7){ref-type="fig"} and [B](#F7){ref-type="fig"}, knockdown of APEX2 can decrease the CCNB1 and MYC expression. Since the regulation of promoter function is the most significant pattern that contributes to the dysregulation of gene expression, we also evaluated the effect of APEX2 on the promoter activity of *CCNB1* and *MYC*. The results showed that the promoter activity of *CCNB1* and *MYC* decreased significantly in the *APEX2* siRNA group (Figure [7C](#F7){ref-type="fig"} and [D](#F7){ref-type="fig"}), which was consistent with the enrichment analysis.

![Knockdown of APEX2 can suppress the CCNB1 and MYC pathways. A: HCCLM3 cells were transfected with siRNA against APEX2 and scramble control, and the CCNB1, B: MYC mRNA level were analyzed by qPCR assay; D: The promoter transcription activity of CCNB1 and D: MYC were analyzed by dual-luciferase reporter assay. siRNA: Small interfering RNA; siCon: Scramble control sequence.](WJCC-8-2917-g007){#F7}

DISCUSSION
==========

LIHC is a highly malignant tumor, which contributes to the 5^th^ cancer-related death according to the cancer statistics\[[@B9]\]. Currently, the diagnosis of LIHC has improved a lot due to early screening. In clinical practice, some serum biomarkers have been applied in the early screening of LIHC, such as alpha-fetoprotein (AFP), glypican 3 (GPC3), and glutamic pyruvic transaminase (GPT)\[[@B27]-[@B29]\]. With the significant advancement of medical imaging such as computed tomography and magnetic resonance, radiologists could also check out the tumor occupation\[[@B30]\]. However, the prognosis of LIHC patients remains poor. The deficiency of powerful drugs and acquired drug resistance are the main reasons. Sorafenib is the only approved targeted drug for LIHC, and it is commonly reported that the drug resistance would be acquired in the process of therapy\[[@B31]\]. Although researchers have been trying their best to find underlying the mechanisms, there are much more unknown. In this sense, the identification of new therapeutic targets could provide a practical strategy.

Apyrimidinic endodeoxyribonuclease genes contain two members, *APEX1* and *APEX2*. Some literature suggested that APEX1 and APEX2 are involved in DNA damage\[[@B2],[@B32]\]. And DNA damage is a remarkable marker for canceration. Also, APEX1 was reported to be associated with some cancer types, including the cancers of colon, stomach, liver, kidney, and breast, as well as osteosarcoma\[[@B4]-[@B8],[@B33]\]. Recent studies showed that APEX1 is an efficient biomarker for the diagnosis and prognosis of liver cancer\[[@B6],[@B8],[@B34]\]. However, the role of APEX2 in cancer is still poorly understood. Considering the importance of APEX1 in liver cancer, this study aimed to determine the role of APEX2 in liver cancer. First, we evaluated the expression of APEX1 and APEX2 in various cancer tissues to confirm the difference of APEX1 and APEX2. The common overexpression of APEX1 and APEX2 in cancer types suggested that they could be potential biomarkers for cancer screening (Figure [1](#F1){ref-type="fig"}). The overexpression of APEX2 in liver cancer was also validated based on other external data (Figure [2](#F2){ref-type="fig"}), which is consistent with the previous reports of APEX1\[[@B6]\]. To confirm the clinical value of APEX2 in liver cancer, this study also evaluated the relationship between APEX2 expression and survival time. As hypothesized, the overexpression of APEX2 in liver tumors suggested a lower overall survival rate, even in the early stage (Figure [3](#F3){ref-type="fig"}). This study also analyzed the potential regulatory mechanisms of APEX2 in liver cancer through bioinformatic methods. APEX2 is closely related to the regulation of chromosome segregation and DNA replication. The analysis of the signaling pathways also showed that APEX2 is involved in the regulation of cell cycle checkpoints and the pro-oncogenic MYC (Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}). Based on the bioinformatic analysis, the *in vitro* assays also validated the results (Figure [7](#F7){ref-type="fig"}).

Furthermore, we performed the functional validation of APEX2. Knockdown of APEX2 in HCCLM3 cells could impair the proliferative index of liver cancer cells. However, this study aimed to explain the function of APEX2 in a macro-perspective manner. Further study on the mechanisms of APEX2 in the regulation of the cell cycle is needed. Based on the downregulation of CCNB1 by APEX2, the specific checkpoints need to be examined, such as CDK1, CCND1, and other molecules. Furthermore, the effect of APEX2 on the production of growth factors, such as the transcription factor E2F and the downstream target genes, needs more research. Another issue is the mutation of p53, a common phenomenon in liver cancer\[[@B35]\]. p53 mutation can lead to the phosphorylation of Rb and accelerate the transition of the cell cycle from G2 to M phase\[[@B36]\]. Thus, exploring the effect of APEX2 on the p53 activity is an essential work in the next study.

Overall, *APEX2* is identified as an oncogene in liver cancer, the overexpression of APEX2 could be a poor prognosis factor, and knockdown of APEX2 can disrupt the proliferation activity; thus the inhibitor against APEX2 may be a promising therapeutic strategy forliver cancer.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Hepatocellular carcinoma (HCC) is a most malignant tumor; the deficiency of drugs is a critical factor for poor prognosis. Thus, the identification of novel drug targets is significant. APEX1 was reported as a tumor promoter in HCC. However, the expression and clinical significance of APEX2 in HCC are still unclear.

Research motivation
-------------------

This study was to evaluate the role of APEX2 in HCC and identify the potential mechanisms associated with APEX2.

Research objectives
-------------------

This study aimed to evaluate the levels of APEX2 in the HCC, the association between APEX2 and patients' prognosis, and the potential regulatory mechanisms of APEX2.

Research methods
----------------

We performed pan-cancer analysis about APEX1 and APEX2 in TIMER, and included the GEO datasets to confirm the APEX2 expression in liver tumor and adjacent normal tissues. Then, the clinical significance of APEX2 was confirmed with the Kaplan-Meier method. Next, we conducted the gene enrichment analysis of APEX2 with the GSEA method, and subjected the KEGG pathways to show the potential signaling pathways. The correlation between APEX2 and other genes was detected in the GEPIA2 tool. For in vitro studies, we performed qPCR to analyze the level of relative gene expression. Then, the knockdown assay was conducted using small interfering RNA. The cell viability was tested with CCK-8. The promoter activity was detected by dual-luciferase reporter assay.

Research results
----------------

The pan-cancer analysis showed that APEX1 and APEX2 were over-expressed in some cancers, especially in HCC. GSE14520, GSE64041 and GSE22058 datasets analysis confirmed that APEX2 was over-expressed in HCC. And the 5-year survival analysis showed that the patients with higher APEX2 expression had a lower survival rate, even in those with AJCC-T1 in the early stage. We also confirmed the poor prognosis prediction of APEX2 in the liver cancers with or without hepatitis virus infection. The gene enrichment analysis showed that APEX2 was enriched in the regulation of chromosome segregation and DNA replication. And the most significant pathways associated with APEX2 were cell cycle pathways and MYC target. The Pearson correlation analysis showed that APEX2 was positively correlated with CCNB1 and MYC. The over-expression of APEX2 in HCC was also confirmed in the liver cancer cell lines and normal LO2 liver cells. And knockdown of APEX2 could inhibit the cell viability of HCCLM3 cells, and decrease *CCNB1* and *MYC* expression and promoter activity.

Research conclusions
--------------------

Our findings confirmed the over-expression of APEX2 in the HCC, which could serve as a poor prognostic marker. The mechanism regulation analysis identified that APEX2 was closely involved in the biological process of chromosome segregation and DNA replication, which was positively associated with pro-oncogenic pathways.

Research perspectives
---------------------

In this study, we identified APEX2 as an oncogenic gene in HCC, the clinical significance of which was also confirmed with the public tumor database. And in the next work, the association between APEX2 and clinical-pathological features should be included to further evaluate the clinical significance of APEX2. Another critical task is to study the regulation of APEX2 in the cell cycle, and the analysis of the signaling pathways involving APEX2 in HCC.
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